Abstract The present study concentrated on introducing a micropropagation protocol for a drought resistant genotype from Pyrus boissieriana, which is the second most naturally widespread pear species in Iran with proper physiological and medicinal properties. Proliferating microshoot cultures were obtained by placing nodal segments on MS medium supplemented with BAP and IBA or NAA. The highest number of shoots (27 shoots per explant) were obtained with 1.5 mg l -1 BAP and 0.05 mg l -1 IBA, but this combination did not produce shoots of desirable length ([1.7 cm). Combination of 1.75 mg l -1 BAP and 0.07 mg l -1 IBA was the best for the shoot multiplication in P. boissieriana with a sufficient number of shoot production (22.33 shoots per explant) and relatively more appropriate shoot length. The larger and greenish leaves were obtained when PG was added to the best multiplication treatment. Microshoot elongation was carried out in 1/2 and 1/4 MS medium containing 50-100 mg l -1 PG with different concentrations of IBA or NAA at intervals of 30-60 days. Significant increase in shoot length was detected after 45-60 days of culture in the presence of PG. The highest shoot length (8 cm) was recorded on 1/2 MS medium supplemented with 0.5 mg l -1 IBA and 100 mg l -1 PG. GA 3 negatively affected number and length of shoots and generally caused generation of red leaves. The highest percentage of root induction (100%) and root length (9 cm) were obtained on 1/6 strength MS medium supplemented with 0.005 mg l -1 IBA. All plantlets were hardened when transferred to ex vitro conditions through a period of 25-30 days. The results suggest axillary shoot proliferation of P. boissieriana could successfully be employed for propagation of candidate drought resistant seedling.
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Introduction
Water is a major limiting factor for fruit production worldwide (Š ircelj et al. 2007 ). The development of irrigation technologies along with the use of less water-demanding or more drought resistance genotypes is a promising solution for fruit tree culture in arid and semiarid regions (Cruz et al. 2012) . Wild fruit tree genotypes in natural arid ecosystems were evolved to resist a complex stressful condition (Zhou et al. 2013) and potentially capable of preparing valuable rootstocks for fruit orchard establishment under water deficit management models.
Pear is the third most important temperate fruit in the world production, next to grape and apple (Tang et al. 2008) . Pyrus boissieriana Buhse with proper ecophysiological (Parad et al. 2013 ) and medicinal (Ebrahimzadeh et al. 2009 (Ebrahimzadeh et al. , 2008 Shahaboddin et al. 2011) properties is the second most naturally widespread pear species in Iran. P. boissieriana mainly grows in the Hyrcanian forest (Akhani et al. 2010; Browicz 1989; Jafari and Akhani 2008; Zamani et al. 2012 , Naqinezhad et al. 2015 which is characterized by various ecological conditions from 213 to 2045 mm/ year precipitation, elevation from -12 to ?2400 and vast biodiversity in Iran (Akhani et al. 2010; Scharnweber et al. 2007) .
Some researchers have placed the wild pear species among xerophytic woody plants according to their relatively low demand for soil moisture (Bouček 1954) . As reported P. boissieriana plants from the semi-arid origin were the most tolerant ones to drought stress than plants from semi-wet populations (Zarafshar et al. 2014) . Plants from semi-arid elevation also showed the most rapid and complete physiological activities (stomatal conductance and carbon fixation) after recovery period. According to the results, some P. boissieriana plants from the semi-arid elevation represent a promising source of material to be tested as rootstock for commercial scions of pear in field conditions in areas prone to suffer from water deficit.
Clonal propagation of plants, which refers to multiplication of genetically identical individuals, is a common practice to preserve the desirable characters of selected genotypes. Development of an appropriate culture medium for a specific crop can be quite complex because the response to the culture medium is often genotype-dependent (Greenway et al. 2012; Ramage and Williams 2002) . Micropropagation methods are available for many species and cultivars (Wen et al. 2016; Swain et al. 2016; Purohit et al. 2016; de Souza Ferrari et al. 2016) . Pear micropropagation was achieved for the first time in 1979 on pear rootstock OH 9 F 51 (Cheng 1978) and scion variety Bartlett (Lane 1979) .
BAP is widely used in micropropagation of fruit trees and has given good results when combined with different kind of auxins (Ružić et al. 2000; Ružić and Vujović, 2008) . Rooting of in vitro produced shoots constitutes an important step in plant micropropagation and presents a differentiated behavior (de Bona et al. 2011 ) that is primarily influenced by the type and concentration of auxins (Fogaça and Fett-Neto 2005; Hatzilazarou et al. 2006) . Inclusion of PG in culture medium can improve shoot proliferation, leaf size, shoot bud elongation and root induction (Bairwa et al. 2012; da Silva et al. 2013; Sharma et al. 2000; Thakur and Kanwar 2008) .
According to our knowledge, there is no report on in vitro multiplication of P. biossieriana. Therefore, the objective of the present study was concentrated on introducing an efficient in vitro protocol for the micropropagation of drought resistant P. biossieriana using nodal explants which followed by successful acclimatization.
Materials and methods

Explant preparation
Two-year-old P. biossieriana seedling (Seedling of JD12-semi arid1000) screened against soil water deficit (Zarafshar et al. 2014 ) and grown in a greenhouse was used as a source of axillary buds. The seedling was pruned and sprayed with 2 mg l -1 GA 3 solution to produce new branches bearing the needed axillary buds. After defoliation, the branches of 5-10 cm length with node explants were washed in running tap water and again thoroughly by adding a few drops of Tween-20 for 20 min to remove the superficial dust particles as well as fungal and bacterial spores. After that, twigs were immersed in fungicide (Carbendazim, 2 g/l) and antibiotic (Tetracycline and Chloramphenicol, 1 g/l) for 45 min, and subsequently the explants were disinfected in a 70% (v/v) ethanol solution for 60 s and 3% (v/v) sodium hypochlorite for 25 min, respectively. Each treatment was followed by 3-4 rinses with sterile distilled water and cultured on MS growth medium supplemented with vitamins and plant growth regulators (PGRs).
Culture medium
The basal medium used in all experiments was an MS (Murashige and Skoog 1962) with sucrose (3% w/v), myoinositol (100 mg l ) and PGRs. The medium was adjusted to pH 5.8 ± 0.02 and solidified using plant agar (0.8% w/v). After adding the gelling agent, the medium was autoclaved at 121°C and 15 kPa for 20 min. Cultures were incubated in growth chamber whose environmental conditions were adjusted to 25 ± 2°C and 75-80% relative humidity, under a photosynthetic photon density flux 70 lmol m -2 s -1 from cool and white fluorescent tubes with a photoperiod of 16 h per day.
Initial establishment
Disinfected explants were cultured in basal media supplemented with various kinds of growth regulators such as cytokinins and auxins including, BAP (1.5-3 mg l ). After 32 days, the number of shoots per explant and the average shoot length were assessed.
Comparison among media was done according to the magnitude of the growth indices.
Shoot micropropagation
Regenerated shoots obtained from generated shoots under treatment of 2 mg l -1 BAP ? 0.01 mg l -1 IBA were excised and cut into segments (1-3 cm) containing terminal buds and transferred to new MS media supplemented with a range of PGRs including BAP (0.75-2 mg l ). Data were recorded as explained above.
Shoot elongation and rooting
For shoot elongation stage, in vitro regenerated shoots (1-3 cm in length) were harvested from treatment of 1.75 mg l -1 ? 0.07 mg l -1 IBA ? 100 mg l -1 PG and sub-cultured on the half and quarter strength MS media supplemented with either (0.1-1 mg l -1 ) IBA or (0.1-1 mg l -1 ) NAA and PG (50-150 mg l -1 ). The simultaneous effect of PG and duration on shoot elongation was assessed and data were recorded after 30, 45, and 60 days. The experiment was repeated three times using new shoots from each previous culture cycle.
For rooting, regenerated shoots were sub-cultured on MS media with different strengths ( 1 = 6 À 1 = 10 ) supplemented with IBA (0-0.5 mg l -1 ), NAA (0-0.5 mg l -1 ) and IAA (0-0.5 mg l -1 ). Shoot length, root length as well as root induction percentage for each explants were recorded after 30 days. Root induction percentage was calculated by using the following equation:
Root inductionð%Þ ¼
The number of rooted explants Total cultured explants Â 100 Acclimatization Shoots (6-8 cm in length) with well-developed roots were removed from the culture medium and rinsed with running lukewarm tap water to eliminate the excess of agar. The plantlets were transferred to 200 g plastic pots containing moist perlite: cocopeat: peat moss (1:2:1 v/v). To acclimatize, pots were covered with plastic bags for 14 days. In the last 5 days, the plastic covers were punctured to create air exchanges. The plantlets were sprayed with water twice a day. Finally, in the 3rd week, the acclimatized plantlets were transferred to the greenhouse to grow at normal conditions. The number of surviving plants after 4 weeks was recorded.
Statistical analysis
The experiment was carried out based on completely randomized statistical design (CRD) with three replications. Collected data were then subjected to analysis of variance. Significant differences among treatment means were determined by Duncan's Multiple Range test at P B 0.05.
Results
Shoot induction and multiplication
For axillary shoot proliferation, cytokinins were utilized to overcome the apical dominance of shoot and to enhance the branching of lateral buds. In vitro propagation of shoots was strongly influenced by the types and concentrations of PGRs. The nodal explants from two-year-old P. biossieriana seedlings inoculated on MS medium were differentially responded to two cytokinins (BAP or KIN). The results showed that bud break was initiated with internodes enlargement and increase in leaf number after 1-2 weeks of inoculation. The least growth and the highest mortality occurred for explants cultured on MS medium containing KIN in which there was no normal growth to record data. As shown in Table 1 , IBA mainly produced the highest number of shoot induction at the lowest concentration. Increase in BAP concentration from 1.5 to 2 mg l -1 positively induced number of healthy shoots. Higher concentrations of BAP (over 2 mg l -1 ) did not favor any extra improvement in bud break and shoot initiation but resulted in abnormal folded leaves and swelling of stems. Number of shoot induction using NAA could not gain the same results when compared with IBA while NAA produced healthy shoots with a proper length.
Shoot multiplication was started within 10-14 days and around 5th week, generated shoots appeared chlorotic and browning symptoms (Fig. 1) . The highest number of shoot formation (27 shoots per explant) was found on MS medium supplemented with 1.5 mg l -1 BAP in combination with 0.05 mg l -1 IBA ( (Fig. 2a) while in previous experiment (Table 2, Exp. 1) the highest number of shoots was 2 shoots per explant. As shown, formation of the significant number of shoots was accompanied with a better shoot length and leaf shape. The data showed that 0.09 mg l -1 NAA and 1.75 mg l -1 BAP made the highest shoot number than 0.1 mg l -1 NAA and 2 mg l -1 BAP. The maximum length and number of shoots was obtained on MS medium supplemented by 1.75 mg l -1 BAP and 0.07 mg l -1 IBA. On the other words, the hormonal combination successfully gathered the highest number and length of shoots to each other.
With the basis, BAP and IBA could be considered as basic elements of culture media for the best combination of shoot growth and multiplication while the successful Table 1 Influence of growth regulators on shoot regeneration from lateral bud explants of P. boissieriana Table 2 Influence of growth regulators on in vitro shoot proliferation of P. boissieriana combination of the highest shoot number and shoot length was remained undissolved. According to Table 2 , Exp. 3, GA 3 negatively affected the number and length of shoots and generally caused generation of red leaves (Fig. 3) . The addition of PG to the culture medium resulted in healthier and larger leaves in comparison with GA 3 . It seems that addition of PG to the culture medium could improve generation of appropriate leaves while generally application of PG and GA 3 resulted in a decrease in shoot number. In spite of NAA, PG in combination with IBA presented a better performance in production of approximate proper shoot number and shoot length.
Shoot elongation and root induction
Elongation of multiple shoots is an important step towards successful micropropagation in many plant species. For elongation, in vitro regenerated shoots (1-3 cm in length) were excised and subcultured to 1/2 and 1/4 strength MS medium supplemented with different concentrations of (0.1-1 mg l -1 ) IBA, (0.1-1 mg l -1 ) NAA and (10-150 mg l -1 ) PG. Of the various tested concentrations in different times, duration was the most important factor in shoot length. On the other hand, IBA was determined superior to NAA for shoot elongation. 0.5 mg l -1 IBA and 100 mg l -1 PG after 60 days resulted in the highest shoot length with a more uniformity in length (Fig. 4) .
For shoot elongation and root induction, in vitro regenerated shoots were subcultured to varied strength MS media (from 1/6 to 1/10) supplemented with different concentrations of (0-0.05 mg l -1 ) IBA, (0-0.05 mg l -1 ) NAA and (0-0.05 mg l -1 ) IAA. Root initials were appeared 2 weeks after culturing microshoots on rooting medium. Reduced salt concentrations generally increased rooting in MS medium but it caused a decrease in shoot length (Table 3) . Based on the data, 1/6 MS medium generated greater root length and root percentage. The reduction of salt concentration by 1/6 resulted in yellowing and common weakness of shoots but shoot length was increased. Under the best rooting treatment, all of the shoots produced adventitious roots after 30 days without the formation of intermediate callus. The highest amount of percentage (100%) and length of roots (9 cm) per shoot were obtained on 1/6 MS medium supplemented with 0.005 mg l -1 IBA (Fig. 2b) . Besides, 1/8 MS medium supplemented with varied amounts of auxin (0.01, 0.05 mg l -1 IBA and 0.05 IAA) and 1/10 MS medium supplemented with 0 and 0.01 mg l -1 IBA resulted in the highest root induction percentage, while 1/10 MS medium supplemented with 0.01 mg l -1 NAA hindered root induction. The highlighted cells showed the best record in response to the experimental treatments Means within a column followed by the same (a-h) letters are not significantly different by Duncan's multiple range test (P [
0.05)
Ex vitro acclimatization of plantlets
Approximately all of the plantlets when transferred to soilrite and grown under greenhouse condition were productively hardened after a period of 25-30 days (Fig. 5) . The micropropagated plants appeared similar to the parent plant in morphologic features.
Discussion
Micropropagation of Pyrus boissieriana Buhse was a critical step in employment of stress resistant rootstock screened from natural habitat for pear orchard development in Iran. The current study established a successful micropropagation protocol for P. biossieriana explants and a practical way for adaptation of the weaned plants to the ex vitro conditions. Proliferating microshoot cultures were obtained by placing nodal segments on full strength MS medium supplemented with BAP and IBA or NAA. The data provided by this study showed that shoot multiplication of P. biossieriana was effectively carried out in 1.5 mg l -1 BAP where the number of produced shoots was 27 (shoots per explant) (Table 2, Exp. 1) while was not impressive in production of suitable leaf size and shoot length. MS medium supplemented with 1.75 mg l -1 BAP combined with 0.07 mg l -1 IBA caused the formation of significant number of shoots (22.3 shoots per explant) (Table 2, Exp. 2) with a better shoot length and leaf shape. The data suggested that 1.75 mg l -1 BAP in combination with 0.07 mg l -1 IBA was the most appropriate treatment for proliferation phase. The results were in consistent with previously published results for European wild pear where showed that the use of BAP at 1.5-2 mg l -1 could stimulate axillary shoot production (Kadota et al. 2001 ). In addition, it was reported that BAP concentrations produced successful multiplication of Pyrus species (Rehman and Increase in the amount of BAP generally induced short shoots with many branches and leaves. As previously reported for apple shoot-tip cultures (Skirvin et al. 1986 ), we observed a strong negative correlation between length and number of shoots (Yepes and Aldwinckle 1994) . In fact, cytokinin-based induction of shoot multiplication negatively declined shoot length because of decrease in auxin:cytokinin ratio, thus increase in number of shoots was accompanied with decrease in shoot length. This kind of negative correlation was also reported in Centaurea paui (Cuenca et al. 1999 ) and C. zeybekii (Kurt and Erdag 2009) . The assessment of a range of PGRs in the current experiments showed that IBA influenced the shoot multiplication capacity while NAA significantly enhanced shoot length in the proliferation phase (Table 2) . These observations may be attributed to the complex interactions between different kinds of PGRs occurring during in vitro cultures.
A serious problem with the micropropagation of P. biossieriana was the short length of shoots. To overcome this, in vitro regenerated shoots (1-3 cm in length) were excised and subcultured to shoot elongation media supplemented with GA 3 and PG (Table 2, Exp. 3). The presented data confirmed that 1/2 MS media supplemented with IBA during 60 days had the best significant effect on the shoot elongation. Phloroglucinol (PG) is a phenolic compound that inhibits auxin oxidation and stimulates shoot and root growth (Pérez et al. 2015; Marín et al. 2016) . The results of this study show a synergistic effect of phloroglucinol with IBA, an analog of auxin, which can be degraded by decarboxylation as reported by De Klerk et al. 2011 . In the case of apple, a positive correlation was found between the total times that shoot lines have spent in culture (Webster and Jones 1992) . As we know, length of a plant organ is a function of time (Sinnott 1960) .
In contrast to auxin, gibberellins normally inhibit root induction (Hammatt 1994 ) and promote plant growth and stem elongation in several species including rice, lettuce, and sugar cane (Gianfagna 1995; Taiz and Zeiger 1998; Verma et al. 2011) . In spite of some beneficial effects of gibberellins on the shoot multiplication which have been reported in the literature (Duron et al. 1989; Pattnaik et al. 1996; Wen et al. 2016; Yae et al. 1987) , in our experiment, addition of GA 3 did not improve shoot elongation (Table 2, Exp. 3).
Gibberellic acid (GA 3 ) represses sucrose-induction of the anthocyanin synthesis by inhibition of the sucrose induction of the genes involved in the anthocyanin pathway Fig. 4 Effect of different concentrations of PG in combination with NAA or IBA during a time interval of 30-60 days on shoot elongation of P. boissieriana. Based on experimental analysis result the LSD value of 0.6959 was obtained (Loreti et al. 2008) . In other systems such as rose petals, gibberellin enhanced anthocyanin accumulation (Zieslin et al. 1974) . Against this background, the results presented in this study show that the use of gibberellic acid in both roots and shoots induction medium leads to anthocyanin production in P. biossieriana (Fig. 3) . The present study clearly indicated that 1/6 MS medium give generally greater root length and root percentage compared to the other culture media (Table 3 ). The reduction of salt concentration by 1/6 resulted in yellowing and generalized weakness of shoots, which can be due to the lack of nutrient elements. Salt concentration of the medium (Rai (Swain et al. 2016; Yildirim et al. 2011 ). In agreement with them, IBA was found superior over the other auxins for rooting of P. biossieriana shoots (Table 3 ). The present study reported the development of a protocol involving micropropagation P. biossieriana, which appears to be readily adaptable for large-scale clonal propagation of this important drought resist wild pear species.
